usually made by probes arranged to monitor the lateral radioactive emissions from the frontal, temporal, parietal and occipital lobes ( Figure 1 ). This arrangement of probes will detect emissions from areas supplied by both the medially placed anterior and posterior cerebral arteries and the more laterally placed middle cerebral artery.
Because of this overlap, a "regional" orientation of probes is unsuitable when one wishes to measure the flow within an area exclusively supplied by one of these major arteries. Figure 1 . Vertex view. Probes arranged for conventional regional cerebral blood flow study will detect activity from both medial and lateral cerebral structures without distinguishing the arterial supply.
The purpose of this paper is to describe a method developed in rhesus monkeys to determine the cerebral blood flow in an area supplied primarily by either the anterior or middle cerebral arteries. In contrast to CBF r this measurement may be referred to as "local" cerebral blood flow (CBF,) and denotes the flow in brain tissue subserved by one of the three major cerebral arteries. Hopefully, this method will allow correlation of CBF, values with angiographically demonstrable pathology in the larger cerebral arteries distal to the circle of Willis.
H. ANATOMIC CONSIDERATIONS
Rhesus monkeys (Macaca mulatta) were found to be the most appropriate experimental subjects for these initial studies. The cerebral circulation in the rhesus monkey is grossly similar to that in the human, except for the presence of a common 2 13 pericallosal artery formed by the union of both anterior cerebral arteries. ' This artery ascends in the midline maintaining a position just inferior to the free edge of the falx and gives branches to the medial aspects of both frontal and parietal lobes.
The parenchyma supplied by the common pericallosal artery and its branches includes the corpus callosum and the cingulate and superior frontal gyri, as well as the medial aspects of the parietal lobes. In the coronal plane, it has a U-shaped configuration ( Figure 2 ). On the other hand, the distribution of the middle cerebral artery, its lenticulostriate and candelabra branches, more closely approximates that seen in man. In determining the position of the pericallosal probe in the animal, the nasion and inion served as useful reference points ( Figure 5 ). On angiography and at postmortem dissection, the main portion of the pericallosal artery was found to run in a plane 1 cm cephalad and parallel to the nasion-inion line. The pericallosal probe, centered 7 mm above the nasion, detected activity in a core of tissue whose central axis was parallel to the nasion-inion line. The middle cerebral artery probe was centered 7 mm above and 3 mm medial to the lateral canthus of the eye; and its central axis was inclined 30 above the canthomeatal line. As a basis for comparison, conventional CBF r measurements were made by focusing the same crystal-collimator combination over frontal, temporal and parietal regions. Figure 5 . Orientation of focusing collimated probes in (A) vertex view and (B) lateral view to illustrate the position of the pericallosal probe (7 mm above and oriented parallel to the nasion-inion line) and the middle cerebral probe (7 mm above and 3 mm medial to the lateral canthus of the eye and inclined 30° above the canthomeatal line).
The detector output for all studies was subjected to pulse height analysis, using where K^ and K2 are the time constants of the fast and slow phases. The average blood flow rates per 100 grams of brain tissue were calculated from these curves using partition coefficients of 0. 83 and I. 57 (at mean hematocrit 44 percent) for fast 9 12 and slow components, respectively. ' By experimental design, the sequence of measurements was alternated between CBF r and CBF, studies to negate the possibility that differences between them were related to changes in physiological factors such as body temperature, arterial gas concentration, and perfusion pressure.
IV. RESULTS
Sixteen monkeys tolerated the procedures well. Respiratory distress was never observed, and serial determinations of arterial PCO" and mean blood pressure during the 10-minute washout period showed no significant change. Twenty-five CBF r studies and twenty-seven CBF, studies were considered technically satisfactory. The washout curves in all experiments demonstrated nonlinear decay, representing the sum of two or more exponentials.
Regional cerebral blood flow. For comparative purposes, CBF r studies consisted of recordings made over the lateral convexity of the frontal, temporal and parietal regions in 11 animals. Satisfactory decay curves were obtained in 11 frontal, 9 temporal and 5 parietal studies. The average CBF r value for the frontal region was 40. 9 + 4. 9, the temporal 36.1 + 4. 3 and the parietal 37.6 + 3.4 (Table I) , These values are not significantly different. 11.0 8.7 Local cerebral blood flow. These CBF, studies were carried out in 15 animals, 11 of whom had also been studied in the previous group. The pericallosal region consistently displayed a significantly higher (p < . 01) average flow rate (65. 9 + 11.0) than the region of the middle cerebral artery (50.6 ± 8. 7) ( Table I ). The variability associated with local blood flow measurements was significantly greater (p< . 01) than the variability of the regional studies. Using the Behrens-Fisher t-test, the difference between the pericallosal values and the regional flow values was very highly significant (p < . 001). The difference between the middle cerebral studies and the regional studies was highly significant (p < . 01).
The rapidity with which
Xe was cleared from both gray and white matter was estimated from the half time of each component of the curve (Table II) * t/2', t/2", t/2'" = half time for washout of first, second and third components Il/ll+l2 = relative weight of fast component The average CBFj value obtained for the middle cerebral area was close to that found for the frontal and parietal regions by the more conventional CBF r method.
Clearance times and relative weights of gray and white matter were also comparable.
This tends to confirm the notion that the type of tissue which the detector "sees" is, in both cases, of similar consistency.
The higher value for CBFj measured for the pericallosal area is not readily explicable. The presence of both the large sagittal sinus and a pericallosal artery common to both hemispheres may affect the washout of isotope in a manner similar to that of a large arteriovenous malformation. Although gray-white ratios were similar to those of the middle cerebral territorv, the frequent occurrence of triphasic exponentials contributed a relatively slow component to the average CBF-^ recorded in the pericallosal area.
A definite limitation of the method is the necessity for individual studies of pericallosal and middle cerebral areas since the large collimators restrict the number of probes which can be accommodated in one module. Considering the limitations of presently designed collimators however, this must be accepted since the technique is based on a relatively high degree of discrimination. Future studies will investigate the use of the gamma camera and multichannel analyzer. The 1600-word memory 5 system, good spatial resolution and scatter elimination described by Heiss et al.
may provide the necessary discrimination between arterial territories.
Separation of the arterial areas within the posterior circulation seems too formidable with presently available resolution techniques and we have therefore restricted our attempts to a separation of the pericallosal-anterior cerebral area from the middle cerebral area. Studying each area separately requires a crystal-collimator combination whose isoresponse characteristics allow the activity within the region to be detected with minimal overlap from adjacent areas. Our attempts to date have been limited to the rhesus monkey; however, the foregoing considerations will be equally important in clinical applications of the method.
